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Abstract 





A compressed sensing approach is adopted to formulate the target identification 
problem as an undetermined system,thus strongly enhancing the radar range capability 
in the presence of small operation bandwidth. Experimental assessments are provided 
by adopting a C-band stepped-frequency continuous-wave radar. 


Index Terms: radar, range resolution, compressed sensing. 
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Introduction 


A compressed sensing procedure is formulated to obtain 
an arbitrary number of targets. The proposed method 
involved in the monitoring of soil deformation and bio 
















fa acquired with narrow-band radars, in the presence of 
of parameters with very small variations, such as those 












































Radar ability to detect very tine target distances C | The applications requiring resolutions of the order 
is strongly limited by the available operating | > AR = 7B | > of millimeter need to adopt radar systems offering 
bandwidth. As a matter of fact, high resolution (AR) huge bandwidths of the order of hundred gigahertz. 











means high bandwidth (B), to obey the relation: 

















A CS-based processing algorithm is rigorously formulated and the improved radar range resolution is demonstrated by experimental tests. 


Standard Approach — SFCW radar processed through IFT Compressed Sensing Approach 













































































A monostatic configuration adopting a stepped-frequency continuous-wave A compressed sensing approach is adopted to formulate the target 
(SFCW) radar is considered, with a normalized trasmitted signal t,(t) producing identification problem as an undetermined system, thus strongly enhancing 
on a single target signal echo r(t). the radar range capability in the presence of small operation bandwidth. 

wy a(d) = factor influenced by the target distance After algebraic manipulations it is suf) = C S F{to} 

t,(t) = el2nft d, the target reflectivity and the path loss easy to represent the problem — 
—- T= target delay explained above, in the form of where 
T(t) = a(d) + e/@™f 7) we system, and this = » n mem 0(Q-M)x(Q-M) 
In the SFCW radar configuration, the received signal r,(t) is multiplied by a S v aie ry tn T — 
complex conjugate replica of the transmitted signal t,(t), thus obtaining, in the resolution AR < AR Q = Ry R,= radar 
general case of N targets, the following expression: ARg lüambiguous range 
N The number of data M remains fixed in the new undetermined formulation, thus 
» sf)= 2. ape Pn, a,=a(d,), n=1,...,N the effective operation bandwidth remains equal to B = M - Af. 
n=1 


The introduction of additional (Q-M) elements into the unknown vector T leads 





Standard radar processing is to apply the inverse Fourier transform (IFT) | | to an improved processing bandwidth equal to Q - Af, thus significantly 























thus giving a pulse train located at the target position. enhancing the range resolution. 
N 
y S(t) = ». anôlt — Tn) The solution of the undetermined system is obtained by the following 
minimization procedure: 








n=1 





In the practical implementation of SFCW radar, M discrete samples are 
acquired at M discrete frequencies spaced by Af. The total radar operation 
bandwidth is equal to B = M - Af. 


Experimental Results 


Experimental tests on a real noisy scenario have been performed as validation test of the proposed CS radar processing. Experimental! validations are performed 
by adopting a C-band SFCW radar fully designed and realized at the Microwave Laboratory of University of Calabria. The radar is characterized by an 
operation bandwidth B = 500 MHz, thus providing a standard range resolution AR = 30 cm. 
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Two metal plates are positioned 
at distances respectively equal 
to 1.2 m and 1.3 m from the 
radar antenna aperture, thus 
imposing a separation equal to > 
10 cm, smaller than the 
achievable one AR in the 
standard case. 


When applying the standard (IFT) 
SFCW processing algorithm, the two 
4 targets are not distinguished, but 
identified as a single object at a 
distance equal to 6.2 m (5 m + 1.2 m). 
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Normalized Range Profile 


o 
N 








Li eeelecaecn 





ey 





o 
œ 
a 











The radar range profile in 
figure, obtained from the CS 
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Normalized Range Profile 














A preliminary calibration procedure is applied in order to identify the procedure, properly identifies Pos , 
reflection peak associated to the overall radar system delay, which results to the two targets at the correct 02 A liiteli 
be positioned at a distance approximately equal to 5 m. positions. rere en 
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